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Abstract. Current estimates for white dwarfs with fields in excess of 1 MG 
are about 10%; according to our first hi gh- precision circular-pqlarim etric study 
of 12 bright white dwarfs with the VLT l)Aznar Cuadrado et alJl2004l) this num- 
ber increases up to about 25% in the kG regime. With our new sample of 10 
white dwarf observations (plus one sdO star) we wanted to improve the sam- 
ple statistics to determine the incident of kG magnetic fields in white dwarfs. 
In one of our objects (LTT 7987) we detected a statistically significant (97% 
confidence level) longitudinal magnetic field varying between (— 1 ± 0.5) kG and 
(+1 ± 0.5) kG. This would be the weakest magnetic field ever found in a white 
dwarf, but at this level of accuracy, systematic errors cannot completely be ruled 
out. Together with previous investigations, the fraction of kG magnetic fields 
in white dwarfs amounts to about 11 — 15% , which is close to the current 
estimations for highly magnetic white dwarfs (>1MG). 



1. Introduction 

Until recently, magnetic fields below 30 kG could not be detected with the excep- 
tion o f the very bright white dwarf 40 Eri B (V = 8.5), in which Fa brika et alJ 
( 2003) found a magnetic field of 4 kG. However, by using the ESO VLT, we could 
push the detection limit down to about lkG in our first invest igation of 12 DA 
white dwarfs with 11 < V < 14 ( Aznar Cuadrado et al.l I2004T ) . In 3 objects of 



this sample we detected magnetic fields between 2kG and 7kG on a 5a confi- 
dence level. Therefore, we concluded that the fraction of white dwarfts with kG 
magnetic fields is abo ut 25%. For one of our cases, LP 672-001 (WD 1105-048), 
IValvavin et alJ (2006) confirmed the presence of a kG magnetic field. 



2. Observations 

The spectropolarimetric data of our new sample of ten bright normal DA white 
dwarfs plus one high-metallicity sdO star were obtained in service mode between 
May 5 and August 4, 2004, with the FORS1 spectrograph at the 8 m UT2 of the 
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VLT. We checked all candidates for spectral peculiarities and magnetic fields 
strong enough to be detected in intensity spectra taken with the high-resolution 
Echelle spectr ograph UVES at the K ueyen (UT2) of VLT in the course of the 
SPY project ( Naoiwotzki et all 12003). The spectra and circular polarimetric 
data covered the wavelength region between 3600 A and 6000 A with a spectral 
resolution of 4.5 A. 

In order to avoid saturation the exposures were split into a sequence of 
exposures; after every second observation the retarder plate was rotated from 
a = —45° to a = +45° and back in order to suppress spurious signals in the 
degree of circular polarisation (calculated from the ratio of the Stokes parameters 
VandJ). 



3. Determination of magnetic fields 

The theoretical V/I profile for a given mean longitudinal magnetic field (B z ) 
(exp ressed in Gauss) below abo ut 10 kG is given by the weak-field approximation 
(e.g. lAngel Sz Landstreetlll970h without any loss of accuracy: 

j = -g cS C z X 2 j^(B z ) , (1) 

where g e g is the effective Lande fact or (= 1 for all hydrogen lines of any series, 
ICasini k, Landi degPInnocentil Il994h . A is the wavelength expressed in A, and 

the constant C z = e/(4vrm e c 2 ) (~ 4.67 x 10~ 13 G _1 A _1 ). 

We performed a ^-minimisation procedure in order to find out which mean 
longitudinal magnetic field strength best fits the observed data in wavelength 
intervals of ±20 A around H/3 and H7. The resulting best-fit values for the 
magnetic field strengths from the individual lines and their statistical la errors 
are listed in Tabled for each observation. We also provided the weighted means 
from both lines. 

Our fitting procedure was validated with extensive num erical simulations 

using a large sample of 1000 artificial noisy polarisation spectra (|Aznar Cuadrado et alJ 
l2004T i. It was concluded that at our noise level kG fields can reliably be detected. 



4. Results 

As can be seen from Tabled none of the measurements of the circular polarisa- 
tions reached the same level of confidence as the three magnetic objects found 
in the first sample (Paper I). The highest level of confidence was achieved by 
LTT 7987 (WD 2007-303) where a 2.4 and 2.0cr level was reached for the two 
respective observations. The corresponding mean longitudinal field strengths 
were -1093 ± 453 G and 970 ± 485 G. Single observations of CD-38 10980 
(WD1620-391) resulted in -1116 ± 406 G and LTT 8189 (WD 2039-202) in 
— 1297 ± 512 G, which corresponds to 2.8<r and 2.5a, respectively. 

With two observations exceeding 2a, LTT 7987 (WD 2007-303) would be 
the most convincing case for being a positive detection. The probability that 
two independent and uncorrelated observations of a single star have that level of 
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Table 1. Magnetic fields derived from the H7 and H/3 lines for our sample 
of white dwarfs. B(a) provides the magnetic field in units of the a level. 
Detections exceeding the 2a levels are given in bold. Multiple observations 
that were averaged prior to analysis are labeled AVERAGE. 
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confidence can be estimated in the following way: The likelihood that an obser- 
vations exceeds 2a is 4.6%. Therefore, the chance that at least one observation 
of the white dwarfs exceeds 2a is (1 — 0.954 23 ) = 66.1%. Then the probability 
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that the same star has a second observation exceeding 2a is 0.661-0.046 = 3.0%. 
Therefore, from a purely statistical point of view we must regard this detection 
as significant (with 97% confidence). 

Both measurements of the sdO star EC 11481-23 03 are below the 2a level. 
This is interesting by itself and confirms the finding bv lO'Toole et all ( 2005h that 
there is no correlation between the metallicity and the presence of a magnetic 
field with kG strength. 



5. Conclusion 

While we detected magnetic fields in 3 out of 12 programme stars in our first 
investigation, we found at most (if at all) one object in our new sample of 10 DA 
white dwarfs. Putting both samples together we arrive at a fraction of 14—18% 
of kG magnetism in white dwarfs; the lower value is obtained assuming that 
LTT 7987 is not magnetic. However, if confirmed, LTT 7987 would have the 
lowest magne tic field (lkG) ever d etected in a white dwarf. 

Recently, IValvavin et al.l (|2006f ) have also performed a search for circular po- 
larisa tion in white dwarfs. They confirmed our detection ( Aznar Cuadrado et al.l 



I2004T ) of a varying longitudinal magnetic field in LP 672-001 (WD 1105-048): 
they measured field strengths between —7.9 ± 2.6 kG to 0.1 ± 2.7 kG, compared 
to our values of —4.0 ± 0.7kG to —2.1 ± 0.4kG. However, they did not discover 
any significant magnetic field in their five other programme stars. If we combine 
their and our results together, the fraction of kG magnetic fields in DA white 
dwarfs amounts to 15% (4/(12+10+5)) or 11% (3/(12+10+5)), if we disregard 
the detection in LTT 7987. However, it is problematic to merge both samples, 
because the signal-to-noise ratio of our VLT measurements is much higher than 
the observations with the 6 m telescope of the Special Astrophysical Observatory. 
Since our unc ertainties are on the a verage 2—3 times smaller (partly also due to 
the fact that IValvavin et alJ ((20061 1 have used Ha only) we must put a higher 
statistical weight on our sample with a fraction of 11% to 15% of magnetic to 
field-free (i.e. below detection limit) white dwarfs. 
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